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VOCAL PITCH RANGE AND HABITUAL PITCH LEVEL:
THE STUDY OF NORMAL COLLEGE AGE SPEAKERS
P atricia Jo Huss, M.A.
Western Michigan U niversity, 1983'
The purpose of this study was to compare the relationship between
the habitual speaking pitch levels and the to ta l pitch ranges.of 15
male and 15 female normal young adults and to compare these re latio n 
ships to those which have been reported previously for male and female
superior speakers.

The difference between normal male and normal

female speakers was sig n ifican t, as was the difference between normal
male speakers and superior male speakers.

The difference between

normal female speakers and superior female speakers was non-significant.
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CHAPTER I

BACKGROUND AND PURPOSE
Introduction
Habitual and optimal vocal pitch levels are important considera
tions in the evaluation and c lin ic a l management of voice disorders.

In

his classic reference te x t, Fairbanks defined optimal (or natural)
pitch level as the "individual level a t which the voice is most
e ffic ie n t for speech" (1940, p. 122), and habitual pitch as the
"central tendency of pitches actually used by the individual" (1940,
p. 1?3).

I f the habitual pitch d iffe rs sign ificantly from the optimal

pitch, an attempt ty p ic a lly is made in therapy to change the habitual
pitch in the direction of the optimal pitch (Franks, 1967).
I t should be noted that although the terms "pitch" and "fundamental
frequency" occasionally are used interchangeably, the two terms are
related but not synonymous.

Fundamental frequency, an acoustic para

meter of voice, is determined physiologically by the rate of vibration
of the vocal folds, there being a direct one-to-one relationship
between vibratory rate and vocal fundamental frequency.

The usual

unit of measurement of fundamental frequency is cycles per second
(cps) or Hertz (Hz).

Pitch, a psychoacoustic property of sound, is

the perceptual correlate prim arily of fundamental frequency.

Pitch

levels and pitch differences commonly are labelled and measured with
reference to units of the Equal Tempered Musical Scale (ETS) in

1
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clin ic a l and research lite ra tu re related to voice (see, fo r example,
Boone, 1983; Moncur & Brackett, 1974; Pronovost, 1942; Snidecor, 1951).
The ETS is a logarithmic scale based upon octave units (the ratio
between any two fundamental frequencies which are an octave apart
being 2) which uses as its arbitrary zero point the reference frequency
of 16.35 Hz.

When this reference is used, ". . . the octaves corre

spond to the C notes of a piano or organ 'tuned' to-A = 440 cycles,
and also the zero point corresponds approximately to the lowest fre 
quency a t which to n a lity arises for the average normal ear" (Lewis,
1960, p. 47).

Each octave in the ETS is divided into six equal logar

ithmic units (called tones), and each fu ll tone step is further divided
into two equal semitone steps; thus, in the s tric te s t sense, the ETS
is a logarithmic scale of fundamental frequency.

As observed by Lewis,

" i t is a pitch scale only in the sense that acoustic

frequencies and

th e ir corresponding pitches have been arranged systematically on a
mathematical basis.

The scale has psychological and musical s ig n ifi

cance but i t does not stem from a behavioral ordering of the pitch
dimension" (1960, p. 48).

Fundamental frequencies may be converted

mathematically to corresponding ETS notes, and conversion tables such
as that illu s tra te d in Appendix A are easily constructed.
While i t is f a ir ly easy to determine an individual's habitual
pitch, the estimation of a person's optimal pitch is less stra ig h tfo r
ward.

A number of d iffe re n t methods fo r locating optimal pitch have

been advocated in the lite ra tu re .

Relatively l i t t l e research support

exists, however, for any of the approaches commonly employed in the
clin ic a l setting.

Nor has the coincidence (or lack thereof) between

habitual and optimal pitch in normal speakers been well documented.
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The basic purposes of this study are to determine where the
habitual pitches of normal speakers lie in relation to th e ir total
pitch ranges and to compare these results to previously reported results
fo r superior speakers.
Review of Literature
Methods of Determining Optimal Pitch
Some of the e a rlie r techniques fo r locating optimal pitch have
re lie d on perceptual characteristics of the voice a t d iffe re n t pitch
levels.

For example, Van Riper (1954) attempted to locate the optimal

pitch by listening for swellings of intensity as the speaker produced
voice throughout his/her range.

Thurman (1958) found that such tech

niques tend not to y ie ld re lia b le or c lin ic a lly useful information,
perhaps in part, as noted by House (1959), because maximum vocal output
during vowel phonations may occur at several d iffe re n t pitch levels
even when laryngeal output has remained constant.
With the possible exception of the "um-hum" technique described
by Cooper (1973), most standard voice textbooks now suggest locating
optimal pitch with reference to an individual's total pitch range,
usually defined as the distance in ETS notes between the lowest produ
cible tone (excluding vocal fry ) and the highest producible tone
(including fa ls e tto ), usually specifying the optimum pitch as being
one-fourth of the distance from the lowest to the highest extreme of
a person's pitch range (Boone, 1983; Fairbanks, 1940; Moncur &
Brackett, 1974; Van Riper & Irw in, 1958).
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Pronovost (1942) believed four other variations to be re la tiv e ly
as re lia b le and accurate as the one-fourth method (or 25 percent method).
These include:
1)

the 33 percent method — locates the optimal pitch level 33

percent of the way up the entire singing range, excluding fa ls e tto ;
2)

The 38 percent method - - locates the optimal pitch level 38

percent of the way up the entire singing range, excluding fa ls e tto ;
3)

the one musical th ird below the middle tone method - -

locates the optimal pitch level one musical third below the middle
tone of the entire singing range,
4)

excluding fa ls e tto ;

and

the fiv e tones method - - locates the optimalpitch level

fiv e tones above the lowest tone sustained by the speaker.
These variations are rarely used, however, because most are based on
determining the highest pitched non-falsetto tone.

Because the

location of the s h ift from non-falsetto to falsetto voice tends to
be inconsistent from t r ia l to t r i a l , such techniques may not be as
re lia b le
The

as the 25 percent method (Pronovost, 1942).
one-fourth method, while re lia b le , may have otherlim itatio n s,

however, since the two investigations upon which the method is primar
il y based have studied very small numbers of highly selected subjects
(Pronovost, 1942; Snidecor, 1951).

In each case 25 judged "superior"

speakers (males in the Pronovost study, females in the Snidecor study)
were systematically and rig id ly screened for any deviations from
superior usage o f voice and a rtic u la tio n .

In each study only those

six speakers who survived a four stage selection process were included
fo r further study as superior speakers.

The total vocal pitch ranges

and the habitual pitch levels in oral reading were among the measures
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taken in each study.

These studies made the assumption that a superior

speaker makes use of an habitual pitch level which permits the larynx
to function with maximum efficiency in speech; and in these populations,
the proportion of the total pitch range, including fa ls e tto , which lies
between the median speaking pitch during an oral reading task and the
lowest producible tone was determined to be 25 percent for superior
male speakers (Pronovost, 1942), and 18 percent for superior female
speakers (Snidecor, 1951).
The optimal pitch level thus is thought to be toward the bottom
of the pitch range, although Thurman (1958) states that the optimal
pitch should not f a ll lower than 20 percent above the lowest note of
the entire vocal pitch range.

I f the pitch were lower than th is , he

holds, i t would severely re s tric t downward pitch variations.
There also is some evidence from a speech physiology perspective
which argues that the optimal pitch of speakers may lie toward the
lower end of th e ir vocal pitch range.

Kunze (cited in Zemlin, 1981)

studied intratracheal pressure and g lo tta l resistance as a function
of fundamental frequency.

He found that phonation at the pitch which

lie s approximately 30 percent of the range above the lowest sustain
able pitch yields lower intratracheal pressure, suggesting that higher
glottal resistance may accompany phonation a t 50, 70, and 90 percent
of the pitch range.
I t is important to note that the research data which have been
used to define optimal pitch levels also have been based on re la tiv e ly
small numbers of subjects.
used ju st six subjects.

For example, Pronovost and Snidecor each

The related investigation of intratracheal

pressure by Kunze studied only 10 speakers.

In addition, the use of
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highly select populations such as "superior speakers" may lim it the
extent to which the results can usefully be generalized.

In spite of

these lim itations and possible over-generalizations, the one-fourth
method as described by Fairbanks (1940) is generally considered to be
the most convenient and satisfactory c lin ic a l method of determining the
optimal pitch of speakers (Linke, 1973; Pronovost, 1942; Snidecor,
1951).
I t remains to be demonstrated th at the relationship between habitual
speaking pitch levels and vocal pitch ranges in normal speakers approx
imates that reported fo r superior speakers.
Factors Influencing Vocal Fundamental Frequency and Pitch
The pitch characteristics of a speaker's voice may be influenced
by a number of d iffe re n t considerations.

However, the age, sex, race,

and smoking habits of a speaker are among the factors which may be
important to consider when studying vocal pitch ranges and habitual
pitch levels and when determining the optimal pitch of the speaker.
Each of these w ill be considered separately below.
Age of Male Speakers
Pitch level varies with age and the change of pitch level is a
secondary sex characteristic (Fairbanks, 1940).

Hollien and Malcik

(1962) report that the pitch of the adolescent voice changes around
14 years of age.

I t continues to change slowly a fte r puberty as the

individual advances in age (Sorensen & H o rii, 1982).

This progressive

lowering of the fundamental frequency continues un til the age of 40-50
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years, due prim arily to an increase in vocal fold thickness which alters
the mass o f the vocal folds.

With the advance of old age the pitch of

the voice may begin to rise again (Hollien & Shipp, 1972).

Age of Female Speakers
Some researchers have shown that by the time most g irls reach the
age of 15, they have acquired adult voices, with respect to fundamental
frequency (Hollien & Paul, 1969; Michel, Hollien & Moore, 1966).

How

ever, Duffy (1970) reports that a substantial portion (43%) of the
decrease in fundamental frequency, from childhood to adulthood, begins
to take place a fte r the age of 15 years.

V a ria b ility of pitch reduces

s lig h tly with advancing age, and pitch levels do not rise as men's do,
but may descend (McGlone & H ollien, 1963; Saxman & Burk, 1967).

The

woman's laryngeal changes are not as extensive or drastic as a man's
(McGlone & H ollien, 1963).

The pitch levels are re la tiv e ly stable

until completion of menopause, when the pitch may lower (S toicheff,
1981).

These changes are thought to occur as a result of physiological

anatomical changes (McGlone & H ollien, 1963).
Race of Speakers
Hudson and Holbrook (1981) report that Black males in general
have a lower mean modal fundamental frequency, a greater frequency
range and a greater magnitude of frequency change during an oral
reading task than do Caucasian males.

Hollien and Malcik (1962)

reported that the fundamental frequency of adolescent Black males
also was lower than that of adolescent Caucasian males.
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Smoking Habits of Speakers
Voice fundamental frequency values of adult smokers are reported
as being lower than the fundamental frequency fo r adult nonsmokers
(Hudson & Holbrook, 1981).

Sorensen and Horii (1982) state that

ir r ita tio n of the e p ith e lia l linin g of the larynx by cigarette smoke
may cause injury to the tissues and a lte r the vocal signal.
Changes which may lower the fundamental frequency of smokers com
pared to nonsmokers of the same age are basal layer thickening (Averback,
Hammond & G erfinkel, 1970), hyperplastic changes (S a ffio tti & Kaufman,
1975), and the thickening of the vocal folds and connective tissues,
which occurs in 87 percent of smokers (G ilbert & Weismer, 1974).
Mean Vocal Fundamental Frequency
Hudson and Holbrook (1981) tabulated average fundamental frequen
cies from previous research as a function of age, sex, and race.

From

these tables the mean fundamental frequencies of Caucasian men and
women, ages 18-29, were noted.
The mean fundamental frequencies fo r 18 year old males have been
variously reported as 115 Hz, 132 Hz, and 133 Hz.

The fundamental

frequencies of adult males (age unspecified) were reported as 129 Hz
and 132 Hz.

For the age ranges 17-25 years the fundamental frequency

was reported as 116 Hz; and for the ages ranging 20-29 years, 120 Hz
was reported.
Mean fundamental frequencies for adult women (age unspecified)
have been reported variously as 200 Hz, 213 Hz, and 260 Hz, whereas
the age range 17-25 was reported to have a 217 Hz fundamental frequency.
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Summary of Literature
In summary, investigations have reported factors related to
optimal pitch, habitual pitch and the interrelationships of those
measures among superior speakers.

Several studies have reported

average vocal fundamental frequency and pitch across age, sex and race
of speakers.

Except fo r the studies of superior speakers, no data are

available which compare habitual pitch levels to total pitch range.
Such comparisons among normal speakers are obviously warranted on
clin ic a l and theoretical grounds.

Purpose of Study
The basic purpose of this study was to determine where the
habitual pitches of normal speakers lay in relation to th e ir total
pitch ranges.
In more specific terms, the present study was designed to inves
tig ate the following questions:
1)

What is the average habitual pitch for normal male and

female speakers during an oral reading task?
2)

Is the proportion of the to ta l vocal pitch range between the

habitual pitch during an oral reading passage and the lowest producible
tone the same for normal male and female speakers as for previously
reported superior male and female speakers?
A secondary purpose of this study was to explore possible re la 
tionships between habitual pitch level and speakers' self-perceptions
of vocal characteristics.

I t appears that previous studies o f pitch
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characteristics have not investigated relationships between the speakers'
pitch- level and vocal perceptual characteristics, except in the study
of superior speakers where liste n e r judgements were used in the selec
tion of subjects.

Perceptually based information may contribute s ig n ifi

cantly to our understanding of vocal behavior, however; and a preliminary
exploration was included in the present study to look at how speakers
perceive th e ir own voices.

Toward this end the following question

was posed.
3)

Are there any differences between the self-reported vocal

characteristics of normal

speakers whose habitual pitch during oral

reading lies re la tiv e ly higher in pitch and those whose habitual pitch
during oral reading lies nearer the lower extreme of th e ir pitch range?
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CHAPTER I I

METHODS AND PROCEDURES
Subjects
The subjects were 15 Caucasian males and 15 Caucasian females
between the ages of 18 and 22 years, a ll of whom currently were
enrolled as students a t Western Michigan University.

Arrangements had

been made to s o lic it volunteer subjects from ten classes outside of
the Department of Speech Pathology and Audiology.

During v is its to

those classes the investigator distributed a questionnaire (see
Appendix B) to a ll students who indicated possible willingness to
participate in the study.

Based upon answers to the questionnaire,

any person with a history of any speech, language, or hearing disorder
was excluded.

Past and present cheerleaders, those who have had or

presently were receiving foimal vocal music instruction, and speakers
of English as a second language also were excluded from the study, as
were those who smoked cigarettes.
The remaining 32 potential subjects who were available for
participation were interviewed by the investigator in an attempt to
insure that none with a history of drug or alcohol abuse, none exhibit
ing upper respiratory in fectio n, and none with speech, language or
hearing disorders would be included.
a voice problem and was excluded.

One student was judged to have

A second student, o rig in a lly

included, subsequently was excluded because of in a b ility to produce
11
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voice in the fa ls e tto register.

The "superior" speaker data were drawn

from previous studies by Pronovost (1942) and Snidecor (1951).
Procedure
Recording Procedure
Each subject was asked to participate in a series of four tasks.
The f i r s t task involved f il lin g out a questionnaire containing adjec
tives which could be applicable to the description of vocal character
is tic s (see Appendix C).

The second task involved producing the lowest

possible non-fry fundamental frequency by beginning at a comfortable
level and proceeding in steps downward.

The third task involved

producing the highest possible fa ls e tto tone by beginning at a
comfortable level and proceeding in steps upward.

The fin al task

involved reading a passage aloud.
All speech samples were recorded on Scotch Highlander low noise,
1.5 m il, polyester base tape (Model 228-l%-R60) with an Ampex (Model
350) re e l-to -re e l tape recorder.
cally treated, carpeted room.

Taping was performed in an acousti

All recording was done with a lapel

microphone clipped approximately eight inches from each subject's mouth.
Determination of Pitch Range
Each subject's vocal pitch range was determined by locating thelowest, non-fry modal register phonation and the highest falsetto
phonation possible.

For each task the subjects were instructed to

begin at a comfortable, conversational pitch, say the vowel /a / as in
"father", and proceed in steps downward (or upward) in pitch to their
lowest (or highest) producible pitch.

The subjects were instructed to

take a breath whenever necessary and performed each task three times.
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A fter each t r ia l the subjects were encouraged to try. to reach a l i t t l e
lower (or higher) pitch.

Water was provided i f needed between tr ia ls .

A demonstration was given by the investigator at the beginning of each
task.
Determination of Habitual Pitch
To locate the habitual fundamental frequency of each subject, an
oral reading sample was obtained.

A reading sample was selected to

enhance comparisons of other studies.

The "Rainbow Passage" (Fairbanks,

1940), reproduced below, was read by each subject a to ta l of three
times.

The f ir s t reading was read s ile n tly , while the other two

readings were read aloud.

Only the fin a l reading was studied, and

only the ita lic iz e d portion was analyzed to enhance comparisons to
other studies and to minimize potential starting and ending effects
which were not of concern in this study.
When the sunlight strikes raindrops in the a ir , they act
lik e a prism and form a rainbow. The rainbow is a division
of white lig h t into many beautiful colors. These take
the shape of a long round arch, with its path high above,
and its two ends apparently beyond the horizon. There is ,
according to legend, a boiling pot of gold at one ericT"
People look, but no one ever finds i t . When a man looks
for something beyond his reach, his friends say he is
looking fo r the pot of gold a t the end of the rainbow.
Instrumentation
The speech samples recorded on the Ampex tape recorder were
played back on a Roberts re el-to -re e l tape recorder (Model 192
A

FT-).

reference tone of 1000 Hz recorded on the original tape provided a

basis for comparing the tape speed of the recorders and this difference
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was found to be less than one percent.

The signal from the Roberts

recorder was directed through an attenuator into a Vi si Pitch (Model
6087, Kay Elementrics).

A Siemens-Elema Mingograf (Model 34) was

connected to a voltage divider which was attached to the output of the
Vi si Pitch (see Figure 1).

The attenuator and voltage divider were

used to adjust the signal level to the input range of the Vi si Pitch
and Mingograf, respectively.

Recorder

Figure 1.

Attenuator

Voltage
Di vi der

Mingograf

Block diagram of the instrumentation used to
determine fundamental frequency.

The Vi si Pitch and Mingograf were calibrated (see Figure 2) using tones
generated from a Wavetek Lin/Log Sweep Generator (Model 185) and
measured with a frequency counter (Hewlett-Packard Electronic Counter,
Model 521 E).

The Visi Pitch f i l t e r brands A and B were calibrated

in 10 Hz increments, while f i l t e r bands C and D were calibrated in 20
Hz increments over th e ir stated ranges (A = 50-300 Hz; B = 135-535 Hz;
C = 200-760 Hz; D = 450-1550 Hz).

These signals were then directed

into the Mingograf, and templates were made fo r each f i l t e r band of
the Visi Pitch.

The frequency counter portion o f the Visi Pitch was

periodically checked against the Hewlett-Packard frequency counter and
found to be accurate to within plus or minus one Hertz.
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Frequency
Counter
Pure Tone
O scillator

Figure 2.

Mingograf

Visi
Pitch

Block diagram of the instrumentation used to calibrate
the Mingograf.

After the calibration and templates were completed, the speech
samples were then directed from the tape recorder into the Visi Pitch,
and a printout of the fundamental frequency was obtained from the
Mingograf, using a paper speed setting of 25 mm/second.
Data Analysis
The printed record of each speech sample obtained from the
Mingograf was
process.

analyzed, using the templates from the calibration

Procedures for determining the lowest, non-fry fundamental

frequency and the highest falsetto fundamental frequency were the
same.

The template (fo r the corresponding Visi Pitch range used)

was placed on the reference point for each printout.

The lowest (or

highest) fundamental frequency in each t r ia l was then found and
measured by moving the template along the reference point.

The lowest

(or highest) fundamental frequency of a ll three tr ia ls was then
reported as the lowest (or highest) pitch produced.

The total vocal

pitch range was then calculated (in semi-tones) by the use of the
formula:

Ng = 39.84 (log f-j - log fg) (Lewis, 1960).

A conversion

table (see Appendix A) was also used to determine the Equal Tempered

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

16

Musical Scale (ETS) note corresponding most closely to each of the
measured fundamental frequencies.
The printout of the oral reading passage (excluding the f i r s t and
la s t sentences) was used for determining the habitual pitch.
out was marked in 25 mm (one second) in tervals.

The p rin t

Fundamental frequency

was measured with a template at each o f the f i r s t 10 points where
voicing was occurring.

The mean of these 10 frequencies was computed

to obtain the habitual fundamental frequency.

Calculations using the

en tire sample were compared to calculations based upon only the f ir s t
10 sampling points, and differences between the resultant means were

negligible.
The average habitual fundamental frequency during oral reading was
converted into a value on the ETS.

The distance, in semi-tones,

between the habitual pitch and the lowest non-fry pitch was then
calculated by the use of the Lewis (1960) formula presented above.
F in a lly , to determine the location of the habitual pitch in relation
to the entire vocal pitch range, the distance in semi-tones between
the habitual pitch and the lowest producible pitch was divided by the
number of semi-tones in the total pitch range.
The subject questionnaire responses (see Appendix C) were examined
fo r any d iffe re n tia l patterns in the s e lf reported vocal characteristics
for the 20 percent of the speakers (N=3), of both sexes, whose
habitual pitch was re la tiv e ly higher in pitch, compared to the 20
percent of the speakers (N=3), of both sexes, whose habitual pitch
was nearer the lower extreme of th e ir pitch range.
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R e lia b ility of Fundamental Frequency Range Measures
In order to determine the r e lia b ilit y of the fundamental frequency
range measures, the printouts of five randomly chosen speakers were
re-measured by the investigator and by one independent observer.

In

no instance did the samples re-measured by the investigator for the
low non-fry fundamental frequency d iffe r by more than 5 Hz.
difference was 2 Hz.

The mean

In no instance did the samples re-measured by

the observer d iffe r by more than 5 Hz, and the mean inter-observer
difference was 3 Hz.

Differences obtained by the investigator for

the falsetto tone were not greater than 5 Hz, with a mean difference
of 3 Hz.

Differences between the investigator and the observer were

not greater than 10 Hz, with a mean of 4 Hz.

Since differences

of this magnitude do not substantially a lte r corresponding notes on
the ETS, the procedure was judged to be s a tis fa c to rily re lia b le .
R e lia b ility of Habitual Fundamental Frequency
In order to determine the r e lia b ilit y of the habitual fundamental
frequency measures, the printouts of fiv e randomly chosen speakers
were re-measured by the investigator and by one independent observer.
In no instance was the difference of the means of samples re-measured
by the investigator greater than 4 Hz, and the mean difference was 2
Hz.

In no instance was the difference of the means of the samples re

measured by the observer greater than 8 Hz; the mean difference was 5
Hz.

Since the differences of this magnitude do not substantially a lte r

corresponding notes on the ETS, the procedure was judged to be satis
fa c to rily re lia b le .
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S ta tis tic a l Analysis
The mean percent of the vocal pitch range between the lowest produc
ib le pitch and the habitual pitch fo r normal speakers was compared to
that previously reported for superior speakers (Pronovost, 1942;
Snidecor, 1951) using a t^ test for unrelated measures, with unequal
numbers.

The mean percent of the vocal pitch range between the lowest

producible pitch and the habitual pitch for normal male speakers was
compared to normal female speakers using a ;t test for unrelated
measures.
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CHAPTER I I I

RESULTS AND DISCUSSION
Males
The lowest and highest producible fundamental frequencies as well
as the pitch range results (in semi-tones on the Equal Tempered Musical
Scale, ETS) for normal male speakers are shown in Table 1.

The pitch

ranges ranged from 28.73 semi-tones to 45.66 semi-tones, with a mean
of 34.73 semi-tones.
Each normal male speaker's habitual pitch, the distance in notes
on the ETS between the lowest pitch and the habitual pitch, and the
percent of the range from the lowest non-fry pitch to the habitual
pitch are shown in Table 2.

The mean fundamental frequencies ranged

from 90 Hz (about F#2) to 148 Hz (about D3) with a mean of 111.5 Hz
(about A2).

This mean fundamental frequency corresponds f a ir ly closely

with the lower of the male averages cited e a rlie r (Hudson & Holbrook,
1981).
The distances between the lowest pitch and the habitual pitch
ranged from 1.30 semi-tones to 9.00 semi-tones, with a mean of 4.26
semi-tones.

The percents of the pitch range from the lowest pitch to

the habitual pitch ranged from 3.66 percent to 27.08 percent with a
mean of 1 2 .2 2 percent.
The percentages of the pitch range from the lowest pitch to the
habitual pitch o f the normal male speakers and the previously reported

19
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Table 1

Lowest and Highest Producible Fundamental Frequencies
and Corresponding Notes on Equal Tempered Musical
Scale (ETS) and Total Pitch Ranges Expressed
in Semitones of the ETS fo r Normal Male Speakers

Subject

Lowest
Fundamental
Frequency

Nearest
Note on
ETS

Highest
Fundamental
Frequency
500

Nearest
Note on
ETS

Range
in ETS

1

85

2

75

3

120

4

90

f #2

700

h

35.49

5

90

F#2

700

h

35.49

6

75

850

Ab5

42.00

7

90

8

100

9

95

F# 2

500

10

85

F2

500

11

80

D#2

12

85

13

80

D#2

930

14

70

°2

410

15

85

F2
°2
B2

°2
F#2
G2

F2

P2

460
720

800
660

1120

580

580

B4
Bb4
F#5

B5
E5
B
4
B4
«6

°5
Bb5
Ab4
°5

30.66
31.38
31.00

37.80
32.65
28.73
30.66
45.66
33.23
42.44
30.58
33.23
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Table 2

The Mean Fundamental Frequency and Nearest Corresponding Note on
the Equal Tempered Musical Scale (ETS), the Distance in Semi
tones on the ETS and the Percent of the Pitch Range, from
the Lowest Non-fry Pitch to the Habitual Pitch,
in Normal Male Speakers

Subject

Mean
Fundamental
Frequency

1

109

2

99

3

148

4

111

5

97

6

99

7

Nearest
Corresponding
Note on ETS

Distance in Semi Percent of Pitch
Range Between
tones Between
Lowest Pitch and Lowest Pitch and
Habitual Pitch
Habitual Pitch

4.33

14.12

4.80

15.30

3.63

11.71

3.63

10.23

g2

1.30

3.66

g2

. 4.80

11.43

120

Bb2

4.98

13.17

8

116

Bb2

2.42

7.41

9

106

Ab2

1.73

6 .0 2

10

97

2.28

7.44

11

115

6.28

13.75

12

143

9.00

27.08

13

110

5.51

12.98

14

90

4.35

14.22

15

113

4.93

14.84

A2
G2

°3
A2

G2
Bb2

C# 3
B2

f #2
A2

*
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superior male speakers and the mean and standard deviations of each are
shown in Table 3.

The mean percentage for the normal male speakers was

12.22, whereas fo r the superior male speakers i t was 25.

A tw o-tailed

t test for unrelated measures was computed between these means and the
difference was found to be sign ificant ( t = 5.27; df = 19; p ^ .001).
A difference of this magnitude would seem clearly to warrant further
investigation.
Females
The lowest and highest producible fundamental frequencies as well
as the pitch range results, in semi-tones, fo r normal female speakers
are shown in Table 4.

The pitch ranges ranged from 25.30 semi-tones

to 41.61 semi-tones, with a mean of 31.93 semi-tones.
Each normal female speaker's

habitual pitch, the distance in

notes on the ETS between the lowest pitch and the habitual pitch , and
the percent of the range from the lowest non-fry pitch to the habitual
pitch are shown in Table 5.

The mean fundamental frequencies ranged

from 184 Hz (about F#g) to 253 Hz (about B3 ) , with a mean of 208 Hz
(about Abg).

As was the case with normal male subjects, this mean

fundamental frequency approximates rather closely the female averages
cited e a rlie r by Hudson and Holbrook (1981).
The distances between the lowest pitch and the habitual pitch
ranged from 3.22 semi-tones to 8.81 semi-tones, with a mean of 5.32
semi-tones.

The percents of the pitch range from the lowest pitch to

the habitual' pitch ranged from 11.40 percent to 25.51 percent with a
mean of 16.68 percent.
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Table 3

Percent of the Pitch Range from the Lowest Pitch to the Habitual
Pitch of Normal Male Speakers of the Current Study and the
Superior Male Speakers of Pronovost (1940) and
the Mean and Standard Deviations of Each

Subject
Group

S ta tis tic

Percent of Pitch Range Between
Lowest Producible Pitch
and Habitual Pitch

Range

3.66 - 27.08

Normal

Mean

12.22

(N=15)

S.D.

5.24

Range

21 - 28

Superior

Mean

25

(N=6 )

S.D.

2.48

The percentage of the pitch range from the lowest pitch to the
habitual pitch of the normal female speakers and the previously reported
superior female speakers and the mean and standard deviations of each
are shown on Table 6 .

The mean percentage fo r the normal female

speakers was 16.68 percent, whereas fo r the superior female speakers
i t was 18.

A tw o-tailed t te s t for unrelated measures was computed

between these means and the difference was found to be non-significant
( t = .0046; df = 19; p > .001).

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

24
Table 4

Lowest and Highest Producible Fundamental Frequencies and Nearest
Corresponding Note on the Equal Tempered Musical Scale (ETS) and
Total Pitch Ranges Expressed in Semi-tones of the ETS
for Normal Female Speakers

Subject

Lowest
Fundamental
Frequency

Nearest
Note on
ETS

Highest
Fundamental
Frequency

1

145

2

150

3

125

4

190

5

155

6

150

7

140

8

165

9

210

Ab3

960

10

160

D#3

1110

11

145

12

130

13

180

14

130

15

135

Range
in ETS

C6

34.26

730

F#5

27.38

920

a# 5

34.54

F#3

820

Abc
D

25.30

D#3

1210

°3
°3
B2

°3
C#3
E3

°3 ’
c3

P3
C3
C3

1050

Nearest
Note on
ETS

730
730
1060

780
1440

M6

»5
F#5
C6

«5
c#6
G5
F#6

35.56
27.38
28.57
32.18
26.30
33.51
29.11
41.61

840

Ab5

26.65

1090

c#6

36.79

1350

F6

39.84
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Table 5

The Mean Fundamental Frequency and Nearest Corresponding Note
on the Equal Tempered Musical Scale (ETS), the Distance in
Semi-Tones on the ETS and the Percent of the Pitch Range,
from the Lowest Non-fry Pitch to the Habitual Pitch,
in Normal Female Speakers

Subject

Mean
Fundamental
Frequency

1

192

2

207

3

Nearest
Corresponding
Note on ETS

Distance in Semi■ Percent of Pitch
tones Between
Range Between
Lowest Pitch and Lowest Pitch and
Habitual Pitch
Habitual Pitch
4.86

14.18

Ab3

5.57

20.34

208

Ab3

8.81

25.51

4

232

A#3

3.46

13.67

5

206

Ab3

4.92

13.84

6

212

Ab3

5.98

21.84

7

185

4.82

16.87

8

204

Ab3

3.67

11.40

9

253

B3

3.22

12.24 ,

10

214

5.03

15.01

11

211

Ab3

6.49

22.29

12

186

>#3

6 .2 0

14.90

13

225

3.86

14.48

14

184

F#3

6.01

16.34

15

201

G3

6.89

17.29

G3

F#3

A3

A3
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Table 6

Percent of the Pitch Range from the Lowest Pitch to the Habitual
Pitch of Normal Female Speakers o f the Current Study and the
Superior Female Speakers of Snidecor (1951) and the Mean
and Standard Deviation of Each

Subject
Group

Percent of Pitch Range Between
Lowest Producible Pitch
and Habitual Pitch

S ta tis tic
Range

11.40 - 25.51

Normal

Mean

16.68

(N=15)

S.D.

3.93

Range

9-22

Superior

Mean

(N- 6 )

S.D.

18
5.16

Male-Female Comparisons
The percent of the pitch ranges from the lowest pitch to the
habitual pitch of the normal males ( 1 2 .2 2 percent) and normal females
(16.68 percent) were compared and the difference was found to be
s ig n ifican t at the

2 percent level

{ t - 2.55; df = 28; p ^ .02)

using a t test for unrelated measures.
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S elf Reported Vocal Characteristics
Comparisons of the s e lf reported vocal characteristics obtained
from the questionnaire (see Appendix C) were made for each sex between
the 20 percent of the speakers (male speakers 2, 12, and 15; female
speakers 3, 6 , and 11) whose habitual pitch was re la tiv e ly higher in
pitch and the 20 percent of the speakers (male speakers 5, 8 , and 9;
female speakers 4, 8 , and 9) whose habitual pitch was nearer the lower
extreme of th e ir pitch range.

The frequency with which the various

vocal characteristics reportedly were experienced by members of each of
these subgroups is shown in Appendices D (males) and E (females).
No discernible pattern d iffe re n tia l was found, within either sex,
between the two subgroups.

There was, however, a slig h t tendency for

the male subjects whose habitual pitch was nearer the lower extreme of
th e ir pitch range to describe th e ir vocal characteristics less fre 
quently with "positive" adjectives (e ffo rtle s s , relaxed, comfortable,
strong) than was the case with the male subjects whose habitual pitch
was re la tiv e ly higher in pitch.
Among the female subjects

no such tendency was apparent.

Those

whose habitual pitch was re la tiv e ly higher, however, did consistently
respond that th e ir voices were "frequently strong"; whereas the subjects
a t the lower extreme marked a variety of responses to this adjective
("seldom," "sometimes," and "frequently").
In spite of the above tendencies with the "positive" adjectives,
there was no corresponding tendency, fo r either sex, for those speakers
whose habitual pitch was nearer the lower extreme of th e ir pitch range
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to use the "negative" adjectives (tir e d , strained, weak, squeaky,
hoarse, harsh, breaking, popping, crackling, tense, tig h t, forced,
dry) any more frequently than speakers whose habitual pitch was re la 
tiv e ly higher in pitch.
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CHAPTER IV

SUMMARY AND CONCLUSIONS
Summary
The purpose of this study was to compare the relationship between
the habitual speaking pitch levels and the total pitch ranges of 15
male and 15 female normal Caucasian adults between the ages of 18 and
22 years and to compare these relationships to those previously reported

for male and female superior speakers.

All speakers exhibited normal

speech, language and hearing s k ills and had no history of either vocal
abuse or any speech, language or hearing disorder.
Each speaker participated in a series of four tasks.

The f i r s t

task was fo r the speaker to f i l l out a s e lf report of vocal character
is tic s ; the second task was for each speaker to produce the lowest
possible non-fry pitch by beginning a t a comfortable level and pro
ceeding in steps downward; the third task was for each speaker to
produce the highest fa ls e tto tone possible by beginning at a comfortable
level and proceeding in steps upward.

The fin a l task was for each

speaker to read aloud from a printed passage.
Each speech sample was taped on a re e l-to -re e l recorder and then
directed through a Visi Pitch and into a Mingograf .from which a printed
record of each fundamental frequency was obtained.

Individual tem

plates were constructed fo r each of the four Visi Pitch f i l t e r bands
during the completion of calibration procedures.

The templates were

29
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used to measure fundamental frequency, and the r e lia b ilit y of this
technique was demonstrated to be satisfactory.

A conversion table was

then used to determine the Equal Tempered Musical Scale (ETS) note
corresponding most closely to each of the measured fundamental
frequencies.
The mean percent o f the total pitch range between the lowest pitch
and the habitual pitch for the normal males was found to be 12.22
percent (S.D. = 5.24); for females, the mean was 16.68 percent
(S.D. = 3.93).
This difference between normal males and normal females was sig
n ific a n t, as was the difference between these normal male speakers and
the superior male speakers studied by e a rlie r investigators.

The

difference between these normal female speakers and superior female
speakers was non-significant.
No discernible pattern d iffe re n tia l in the s e lf reported vocal
characteristics was found, for e ith e r males or females, between the 20
percent of the speakers whose habitual pitch was re la tiv e ly higher in
pitch and the 20 percent of the speakers whose habitual pitch was
nearer the lower extreme of th e ir pitch range.
Conclusions
The mean percent of the pitch range from the lowest pitch to the
habitual pitch among superior speakers was 25 percent, twice the com
parable figure (12.22 percent) for normal males.

A difference this

great would seem to warrant further discussion. While the present male speakers may not be adequately representative of normal male speakers
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in general, and while more precise measures o f fundamental frequency
might s lig h tly a lte r the present resu lts, i t also may be the case that
six speakers judged to be "superior" do not constitute a sample s u ffi
ciently representative to be viewed as normative.

Moreover, i t might

be hypothesized that male speakers seeking to be judged as "superior"
may tend, during an oral reading performance, to use wider pitch
in fle ctio n patterns(thus, higher habitual pitch levels) than they
would tend to use under other speaking conditions.
I f i t is true, on the other hand, that female speakers ty p ic a lly
make greater use of pitch inflections than do males, then the difference
between the normal females and superior females might be expected to be
smaller than the difference in males.
Many d iffe re n t recommendations may be made from this study.

The

f i r s t and foremost would be to conduct a sim ilar study using a larger
number of speakers.

Comparison of oral reading habitual pitch to spon

taneous speaking habitual pitch could also be very informative.

It

would also be of interest to explore more thoroughly and exactly the
speaker's vocal characteristics.

I t would be of in terest to discover

i f listeners perceive any differences between the speakers whose
habitual pitch lie s at the lower extreme of th e ir total pitch range
and those whose habitual pitch lie s re la tiv e ly higher in pitch.

Like

wise, i t would be of in terest to determine i f normal speakers, under
instruction to u tiliz e greater pitch in fle c tio n s , would demonstrate
re la tiv e habitual pitch levels approximating more closely those
superior speakers.
The continued use of pitch measures such as the ETS for physio
lo g ic a lly oriented voice experimentation may be questionable.

A
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cursory post hoc examination of the fundamental frequency data and the
converted ETS correlates of those measures indicates that fundamental
frequency differences, which are d ire c tly and lin e a rly related to
physiological change (vocal fold vibration) may be obscured when those
measures are transposed to pitch measures.

Consideration of the data

fo r Subjects 2 and 3 in Table 1 exemplify this situation.
The differences between lowest and highest fundamental frequencies
fo r Subjects 2 and 3 are 385 Hz and 600 Hz, respectively.
range difference is suggested.

An obvious

When the ranges are transposed to

values on the ETS, however, the values are 31.38 and 31.00, respec
tiv e ly .

This ETS difference is v irtu a lly negligible, but the difference

is marked for fundamental frequency comparisons.

Such pos^t hO£ obser

vations suggest that analysis of much of the in direct (pitch) data
gathered in previous research may have masked real differences which
occurred physiologically.
F in a lly , the results of this study may have implications for
c lin ic a l assessment, therapy and for the design of research, which
might enhance our understanding of voice disorders.

The percent

age of pitch range from the lowest pitch to the habitual pitch
reported here may give the c lin ician alternative guidelines to use in
estimating a c lie n t's optimal pitch, especially when the c lie n t is a
young adult female.

I t may be reasonable to conclude that an "optimal"

pitch for such a c lie n t may li e somewhat lower (by 8 or 9 percentage
points) than the 25 percent level often suggested in clin ic a l
lite ra tu re .

The present evidence also suggests that a sim ilar conclu

sion may prove equally defensible in the case of male speakers.

It

remains to be demonstrated that sim ilar conclusions can be generalized
to other age levels.
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APPENDIX A

Corresponding Fundamental Frequencies and
Notes on the Equal Tempered Musical Scale,
Rounded on the Basis of A^ = 440 Hz
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370
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F

175

349

698
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E
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659

1319

D# - Eb

156

311
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1245

D

147

294

587

1175

C# - Db

139

277

554

1109

C

131

262

523

1047

B

123

247

494

988

A# - Bb

117

233

466

932

A

110

220

440

880

G# - Ab

104

208

415

831

G

98

F# - Gb

92

F

87

E

82

D# - Eb

78

D

73

C# - Db

69

C

65
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CD
1
o

<

C
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APPENDIX B
Q uestionnaire f o r P o te n tia l Subjects
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Name_______

Age________ Sex (c irc le one)

Phone number

Address

_________

M

F
____

You have been asked to participate in a study to investigate certain
pitch characteristics o f normal college age speakers. Please c irc le
your answer to the following questions.
1.

Are you presently receiving, or have you ever received, therapy
YES
for any speech and/or language and/or hearing problems?
YES

2.

Are you, or have you ever been, a cheerleader?

3.

Are you receiving, or have you ever received, formal vocal music
instruction?
YES

NO
NO
NO

4.

Is English your native language?

YES

NO

5.

Do you smoke cigarettes?

YES

NO

The experiment w ill take approximately h hour and w ill be conducted at
the Speech and Hearing Center on East Campus. I f a certain time/day
is better for you, please le t me know. I w ill be calling you and setting
up a time within the next couple of days. Thirty subjects are needed, so
you may not be called. Please place an "X" in the schedule below of a ll
your available times. Thank you fo r taking the time to f i l l out this
questionnaire.
Pat Huss
Schedule

Monday

Tuesday

8 : 0 0

Wednesday

Thursday

Friday______
'

9:00
1 0 :0 0

_____________________________________

11:00

_________________________________________________________________

12:00

__________________________________________________________________

1 : 0 0 __________________________________________________________
2 : 0 0 __________________________________________________________
3 : 0 0 __________________________________________________________
4 : 0 0 __________________________________________________________
5 : 0 0 __________________________________________________________
6 : 0 0
7:00

;________________________
_____

_____ ___________________________
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APPENDIX C
A d je c tiv e Q uestionn aire f o r Subjects
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Speaker Questionnaire
Below you w ill find a l i s t of words that may describe how your voice (or
throat) may sound (or fe e l) sometime during the day, week or month.
Please check the appropriate column next to each word that could describe
how your voice (or throat) may sound (or fe e l). I f any word(s), other
than these appearing on this l i s t , are necessary or helpful in describing
your voice, please feel free to add to the l i s t . Thank you.
never

seldom

sometimes

frequently

always

t i red________ _________________________________________________________
strained

_________________________________________________________

effortless
weak

_____________________________ ____________________________

squeaky

_________________________________________________________

relaxed______ _________________________________________________________
hoarse
harsh

_________________________________________________________
._________________________________________________

comfortable

______ __________ _______________________________________

breaking

_________________________________________________________

popping

_________________________________________________________

strong

_________________________________________________________

crackling

_________________________________________________________

tense________ _________________________________________________________
t i ght________ _________________________________________________________
forced

_________________________________________________________

dry__________ _________________________________________________________
OTHERS:
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APPENDIX D

Vocal Characteristics Reported by Normal
Male Subjects Whose Habitual Pitch Lies
Relatively Higher in Pitch (N=3) and
Those Whose Habitual Pitch Lies
Nearer the Lower Extreme of
Their Pitch (N=3)
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never
effortless

seldom

l9

relaxed

l9

comfortable

l9

strong

seldom
L5H2 H12

L8

frequently

l 5h12

L8 H12H15

His

l 5l 8h2H12

always

L5L8H2H12H15
l 8h 12h15

never
tire d

sometimes

sometimes

L5L9H2

frequently

always

L9

H15
strained

l5l 8l 9
H2 Hi2

h15

weak

L5L8L9
H2h15

h 12

L9 H2

l 5l

8

hoarse

l 8h2h15

l 5l

9

harsh

l 5l 8l 9h2
h15

squeaky

h12h15

h12

breaking

h 12

L5H2Hl5

popping

l8h12

l 5l 9h2h15

crackling

L8l 9

h2h 12h15

l5

h15

L5L8 L9H2H12

tense

h12

l 8l

9

tig h t

l9

l 8h12h15

l 5h2

forced

L9H12

L5L8H15

H2

dry

L9

H2

L5H12H15

t-8

L = speakers nearer the lower extreme of range
H = speakers re la tiv e ly higher in pitch
Subscripts correspond to the subject numbers
assigned in the study (see Table 2).
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APPENDIX E

Vocal Characteristics Reported by Normal
Female Subjects Whose Habitual Pitch Lies
R elatively Higher in Pitch (N=3) and
Those Whose Habitual Pitch Lies
Nearer the Lower Extreme of
Pitch Range (N=3)
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never
effortless

seldom

sometimes

frequently

always

L4L9

L8H3H6

relaxed

L4H11

l 8l 9h3h6

comfortable

U

l 9h3h6h11

l8

L9

H ll

L8H3H6

frequently

always

H11

L4

strong

never
tire d

l8h3

strained

seldom
H11

l4l 9h6

L4 L8 H6

L9H3H11

weak

h3

L8L9H6Hn

squeaky

L9H3 H6

L4 L8 Hh

hoarse

L4 L9

L8H3H6H II

harsh

'L4 L8

W

breaking

L4L8L9
H3H6

popping

L4 L8 L9
H3H11

H6

crackling

L4 L8L9
^6

h3h11

tense

l l

l4

l9
H11

l8h3h6h11

l4

l9

h3

l9

tig h t

l4

l 8h6h11

forced

L4L8

l 9H3H6H11

dry

l4l

L8H3H6

9

sometimes

H11

L = speakers nearer the lower extreme of range
H = speakers re la tiv e ly higher in pitch
Subscripts correspond to the subject numbers
assigned in the study (see Table 5).
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